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INTRODUCTION 
The major irrigation schemes operative in, and planned for, Canterbury 
obtain water from snow fed rivers. These snow fed rivers run to the sea on the 
high parts of their fans which have coalesced to form the plains. They have their 
greatest flow in the spring and early summer. As a result, these schemes do not 
require storage and the water may be run at right angles to the rivers across the 
plain. The major schemes will cover a little under one million acres, but there is 
at least another four million acres affected by drought from Central Otago in the 
south, through North Otago and Canterbury to Marlborough in the north. This 
four million acres is excluded from the major schemes because it is in the foot-
hills and downs area or contained in small flats which would incur high 
reticulation costs. 
Investigations of cost and methods of water supply and its application to 
this drought prone area have not previously been published in detail, although 
the use of irrigation to increase pasture growth during the dry summer period 
has often been considered by individuals and groups of farmers in these districts. 
A 534 acre property south-east of Waiau in North Canterbury, provided an opp-
ortunity for the investigation of methods of water supply and irrigation in this 
type of draught prone country. 
In 1968 a research team, consisting of Mr R.D. Plank, Farm Management 
Department, Lincoln College, Mr T. Heiler, Agricultural Engineering Institute, 
Lincoln College, and Mr Anthony R. Taylor, Winchmore Irrigation Research 
Station, Department of Agriculture, was set up to investigate the feasibility of 
an irrigation scheme based on farm storage dams and automatic watering through 
border-dykes. It is the results of the work of this team that are published in this 
bulletin. Section 1 deals with the general principles of border dyke water applic-
ation and discusses in detail the recommended layout on the project farm. A 
discussion of the financial impact of the proposed scheme on the farm follows 
in Section II. Finally, in Section III the hydrologic and hydraulic design of the 
storage works is laid out in detail, together with the soils investigation summary 
and the working drawings. The detail in the last section has been included so 
that non-professional readers may gauge the time and effort required to proper-
ly design the type of water storage dams used in this project. 

I. WATER APPLICATION AND FINAL DESIGN 
1.1 'Water Harvesting' 
Although on this particular property alternative methods of obtaining water 
could have been considered, the availability of a suitable dam site and the tech-
nical feasibility of border-dyking led to the adoption of the Australian method of 
'Water Harvesting.' 
This technique of irrigating involves the storage of run-off from the surround-
ing land in dams during the wet season and the release of this stored water in the 
summer to irrigate the land below the storage reservoirs. The dams for the storage 
of 72 acre feet of water are described in Section III. This recommended scheme 
would give four irrigations on 72 acres, with a three inch application per acre per 
irrigation. 
The 72 acre flat has been surveyed by a two by one chain grid survey. A one 
foot contour plan has been drawn from this data. Water will be led around the 
hill from the lower dam in an earth channel which will have a minimum grade of 
1 inch per chain ( 1 in 800) with the dimensions given in Fig. 1. 
FIG. I SUPPLY RACE 
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1.2 General Principles of Border-Dyking 
The border-dyke layout must suit the farmer and his management, as well 
·as the soil type, the infiltration rate, the slope, the micro-relief, the amount of 
water admitted in relation to the area within which it is to be confined, and the 
construction machinery. The physical factors on the project farm, apart from 
the slope, are similar to those that exist in Mid-Canterbury. A road grader would 
be used in the preparation of the area and as a result the layout has been de-
signed in a manner best suited to the economic use of this machine. 
The 72 acre block has been broken up into six areas for most efficient 
border-dyking. Borders of 40 feet width have been selected, because it has 
proved to be the most practical width. Wider borders would ease the making of 
hay on the area, but as the border width increases so also does the cost, since a 
greater quantity of soil has to be moved a greater distance. This effect is de-
monstrated by the following theoretical example in Table 1.1 and Figure II. 
Table 1.1 
Quantity of soil Distance Work to be removed Factor 
Two 40 foot borders 2 x 5 == 10 sq.ft 26ft.8in 2662/3 
One 80 foot border 20 square feet 53ft.8in. 10662/3 
The following graph (Fig.III) is taken from work carried out at the Winch-
more Irrigation Research Station in which different border widths were con-
structed by Ministry of Works border-dyking teams. 
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1.3 Location of Head Races 
Four factors must be given due consideration in the location of head races 
and they are as follows:-
(i) It is necessary to have a minimum fall on the head race of at least three 
inches (preferably four inches) per group of borders. Greater falls than 
the minimum are acceptable, but this may mean that it would be more 
difficult or costly to establish sills on one level, or would increase the 
required number of control points. 
(ii) The number of borders that can be grouped on one level is also dependent 
on the supply of water. 
(iii) Their role as part of the race reticulation system of the farm as a whole 
must be considered. 
(iv). The general farm boundaries and the fixed features must be taken into 
account. 
As far as possible the borders are always planned at right angles to the 
contour and hence run down the steepest slope. Because of the limitations of 
the construction machinery involved, this is not always practical and usually a 
compromise must be reached for ease in construction. A grouped head race 
system will be used similar to the automatic systems operating in Mid-Canterbury. 
1.4 Final Design (Fig.IV). 
The most southern area has seven borders running towards the road 
parallel to the farm boundary. Tvw groups are planned - one of three borders 
and the other of four. There will be difficulty near the head race (Race N o.l) 
in obtaining any grade within the borders, but it will be possible to cut one 
foot off the terraces and so create some grade in this area. Some of this soil 
from the terrace could be used to fill the line for the area 2 head race. 
The borders in area 2 (Race No.2) will be constructed parallel to the road 
and will vary in length from 10 to 11 Y2 chains. The supply race to areas 1 and 
2 will follow a grade line around the hill from the dams and four borders in 
the second area will be served from it. The dykes of this last group of borders 
will be twisted so that there will only be a short length of supply race level. 
The terrace in the area will constitute a problem. There are four borders in-
volved, comprising an area of two and a half acres of which the terrace occupies 
a little under an acre. If the dykes are formed and the terrace left without any 
cross levelling in the border, the water would run down the terrace on one side 
and spread out below again. 
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FIG. IV IRRIGATION AREA 
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Head race 3 will follmv the fence line at a distance of 40 feet from it to 
provide access to the race and act as a borrow area for soil for the head race. 
The borders run parallel to the road and vary in length from a ~ittle over 5 
chains to 12 chains. There is a change of feature in the land formation in this 
paddock and this will necessitate the shortening of the borders in area 3 and the 
of the borders towards the road in area 4. 
Th_e aorders in area 4 come off the race supplying the water from the dams 
No.4). There will be three 6 chain borders in this area before a race ( 4a) 
is taken off towards the road on the south side of the gully. Race 4a will supply 
<:11other ten borders for thJs fourth area and also the water for area 5, in which 
the borders run to the road and into the gully. 
The last area (6), on the other side of the gully, will have a head race (No. 
6) crossing the major gully from the dams. The borders of this area will run 
down the greatest fall towards the road. The border nearest the gully will supply 
water for a small triangular section. Tris triangular section has four short borders 
which converge into the supply border. All the water will go down this border 
and then be divided by the dykes of the four shorter borders. 
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The gullies will have their steep sides smoothed and it may be possible to 
cut a sloping channel on their high sides (Fig. V). 
FIG. V TERRACE IRRIGATION 
DYKE 
GULLY 
This channel of grader blade width would have two to three inches of fall 
back into the terrace. It would allow the water to spill over the terrace along its 
length and irrigate this area as a result. The bottom of the gullies may be flat 
enough to run one or two crooked borders down them. 
This is not a classical border-dyke layout because of the changing nature of 
the fall in this country. To construct this irrigation system would require oper-
ators who have had considerable experience in modern methods of land prepar-
ation and are capable of dealing with land which has many unusual features. 
Although Section II of this bulletin shows the desirability of using this 72 
acre area for hay production, the unusual layout introduces some difficulty for 
doing this. Another alternative use for this area, which has been designed to 
give the most efficient use of available water, would be high density stocking on 
a permanent pasture system. 
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II. AN ECONOMIC EVALUATION 
The purpose of this section is to evaluate the financial benefits gained through 
the application and use of the irrigation scheme outlined in Section 1 of this 
bulletin. The method of analysis is: firstly, to investigate the 'best use' of the 
available water and, secondly, to compare on a 'whole farm' basis the financial 
performance with and without irrigation. As the property has not as yet reached 
its full potential under dryland conditions, the comparison is based on two theor-
etical situations. One assumes maximum production without the use of irrigation, 
and the other maximum production with the 'best use' of 72 acres of'irrigated 
land. The engineering estimates in Sections I and III of this bulletin suggest that 
sufficient water can be made available to provide approximately 12 inches of 
water per acre annually over 72 acres. The capital cost of this scheme would be 
approximately $9,000. The detailed breakdown of this capital cost is shown in 
Table 2.1 below. 
Table 2.1 
ESTIMATED CAPITAL COST 
(i) Water Storage Works 
Earth movement 20,000 cu.yds at 18c. per cu. yd. 
Compaction to specification 
Pipe Spillways 
Pipe outlets 
(ii) Irrigation Works (including Automatic Control) 
Land preparation 72 acres at $30 per acre 
Head Race 60 chs at $8 perch. 
(iii) Miscellaneous 
Transport 
Contingencies 
Total Capital Cost 
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$3,600 
1,200 
300 
450 
$2,160 
480 
$ 350 
460 
$5,550 
$2,640 
$ 810 
$9,000 
2.1 The Farm 
The project farm has an area of 534 acres, consisting of 466 acres of un-
dulating to rolling downs and 72 acres of light stony flats with scattered seams 
of better quality soils. The soils of the downs can be classed as medium to good 
fertility and capable, with modern managerial techniques, of maintaining semi-
permanent ryegrass subterranean clover pastures. The flats will grow good stands 
of lucerne, but under pasture quickly revert to lower producing grasses .and sub-
terranean clover. 
The climate is typical of inland North Canterbury. Rainfall averages approx-
imately 23 inches, evenly distributed (Table 2.2), but the effect is limited by 
high temperatures and strong nor'-west winds between November and March. 
Moderately cold winters with frosts up to 16° occur during June, July and Aug-
ust. Intensive supplementary feeding with hay and forage crops is required dur-
ing this period. 
The farm is subdivided at present into 24 paddocks. To reach full potential 
a further 40 chains of fencing is required. There is a full range of buildings in-
cluding a house, a woolshed, two haybarns and an implement shed. 
The stock wintered in 1968 were 1780 Corriedale sheep and 40 weaner 
cattle, a total of 1750 ewe equivalents or 3.4 E.E.'s per effective acre. The 
normal stock policy is a mixed breeding and fattening one. Annual stock sales 
consist of fat lambs, two tooth and six year cast-for-age ewes, and store 18 months 
cattle. 
Twenty-two acres of wheat were grown in 1968/69. This was the first 
cash crop for four years. Wheat yields are disappointing, averaging approximate-
ly 30 bushels, and a continatuion of cash cropping is not recommended. It 
appears that yields are limited by climatic conditions, particularly nor'-west 
winds during October-November. 
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Table 2.2 
MONTHLY RAINFALL 1958-1968 
(Balmoral Forest) 
Month 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 Av. 
Jan. 2.80 1.80 1.28 1.83 3.83 1.13 .69 2.50 1.16 1.51 2.1 1.88 
Feb. 2.86 1.16 1.87 1.80 .85 2.58 .59 1.20 3.30 1.47 2.74 1.85 
March 1.96 2.41 1.82 2.35 1.94 1.13 1.85 3.50 1.10 1.39 1.41 1.89 
April 1.98 3.94 .54 1.15 2.23 2.99 1.33 3.96 3.85 1.27 4.61 2.52 
May 3.73 7.30 .36 3.75 3.48 1.21 2.53 1.17 4.23 1.30 1.55 2.78 
June 1.63 .89 6.47 2.18 2.14 1.94 .81 1.88 .65 .62 4.56 2.25 
July .24 3.68 1.69 2.34 2.96 8.72 1.97 2.63 2.70 .73 2.31 2.70 
August .56 .45 1.96 2.99 1.70 3.02 .85 2.03 3.17 2.20 .57 1.77 
Sept. .46 .89 1.53 3.06 1.64 1.26 .83 .61 .69 .. 96 1.23 1.20 
Oct. 1.22 1.49 1.29 .42 1.40 1.22 .74 1.87 1.84 .65 3.34 1.42 
Nov. .44 1.23 .70 1.26 1.33 2.13 1.95 3.07 1.97 4.19 .60 1.71 
Dec. 2.16 .79 3.21 1.06 1.14 1.76 .98 .82 2.84 1.41 3.24 1.85 
Total 19.94 26.03 22.72 24.19 24.64 29.09 15.2 25.24 27.50 17.70 28.26 
2.2 'Best Use' - Irrigation 
The 72 acres than can be irrigated is light stony land and the alternatives to 
its use are restricted even under irrigation as intensive cash cropping of the area is 
not, from past experience, a feasible proposition. The only practical alternative 
to the present dry land system appears to be the provision of supplementary feed 
for stock.· 
Under the suggested stock policy (see 2.2.1) supplementary feed is 
required for: 
(i) lambs after weaning; 
(ii) ewes during the winter; 
(iii) ewes before lambing; 
(iv) ewes prior to tupping. 
Research evidence (McLean et al, 1965) (1) suggests that the best fatten-
ing feed for lambs, apart from pure white clover, is lucerne. Under Canterbury 
conditions lucerne hay is an established and successful winter supplement for 
breeding ewes. Moreover, lucerne on light land should, even under irrigation, 
(1) McLean J.W., Thomson G.G. and Lawson B.M. 'The Quality of Lucerne Pasture for Lamb Pro-
duction' Proceedings, Lincoln College Farmers' Conference, 1965. p. 88. 
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out-produce pasture. It is considered therefore that the 72 acres of irrigated 
land should be sown in lucerne to provide post-weaning feed for winter 
hay for the ewe flock and, with the use of oversown Tama ryegrass, pre-lamb-
ing greenfeed for ewes. Twelve inches of water per acre applied through four 
waterings is considered adequate to ensure the success of this programme. 
The non-irrigated downs, apart from 25 acres of lucerne for hay ,..,..,v"'" 
ion, would remain in pasture. Past experience has confirmed that these pastures 
will last for 10 years and they would be renewed through a simple rotation of 
44 acres old pasture - summer fallow - new grass and The irrigated 
flats would be maintained with a six year rotation of 12 acres old lucerne -- · 
winter feed - new lucerne. 
2.2.1 Stock Policy 
The pasture production and stock requirement graph shown below (Fig. 
VI) is based on research done at the Lincoln College light land property, 
Ashley Dene. Unfortunately, there is no available research evidence on pasture 
production in the Waiau district. Observation and climatic data however tend 
to indicate that the pasture growth pattern would be similar on the farm under 
study, and for the purposes of this analysis it is assumed that the total and 
monthly pasture production on the non-irrigated downs corresponds with that 
at Ashley Dene. 
It is obvious from the graph that the most efficient stock policy for this 
pasture production pattern is one based on maximum ewes producing early 
maturing fat lambs. Dry sheep or fattening cattle with their relatively consis-
tent daily feed demand over the whole year do not fit the production pattern 
and would require supplementary feeding over much longer periods than a fat 
lamb flock. On a ewe equivalent basis the net income from a fat lamb policy is 
very similar to the income that can be expected from hogget rearing or cattle 
fattening policies. Moreover, there is no real indication that these margins will 
alter in the forseeable future. It appears therefore that the best stock policy 
after considering all the above factors is one based on Corriedale ewes, pur-
chased as five-year-olds, mated to fat lamb sires and sold as works ewes after 
two or three breeding seasons. 
As the property is situated in the centre of one of the largest Corriedale 
breeding areas in Canterbury the availability of the five-year-old ewes is assured. 
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2.2.2 Stock Numbers. 
Because ewes with lambs at foot must be fed on pasture or lucerne, total 
sheep numbers are limited by the area of available spring grazing and its carry-
ing capacity. The suggested rotation on both the downs and irrigated flats en-
sures that a maximum area of pasture and lucerne is available during this period. 
In fact the most obvious benefit from irrigation in this study is the ability to 
increase the area of available spring grazing by eliminating rape and using the 
irrigated lucerne area for grazing until the first draft of fat lambs in mid-October. 
From the land utilisation summary (Table 2.3) available spring grazing is 
approximately 430 acres. At Ashley Dene the carrying capacity on available 
spring grazing varies between seven and seven and a half ewes plus their lambs. 
Under mixed cropping in Mid-Canterbury levels of I 0 to 12 ewes plus lambs 
have been achieved. Considering the present level of fertility and the climatic 
limitations it is conservatively estimated that the case study farm would, on 
the same basis, carry six ewes plus lambs during this critical period. 
The estimated carrying capacity is therefore 
2500 ewes 
50 rams 
30 killers 
2580 Total Sheep 
It could be argued that these calculations, with their emphasis on the area 
of available spring grazing, ignore the problem of winter feeding. The suggested 
rotations provide adequate winter feed reserves, namely: 
(i) 12 acres irrigated winter feed (turnips or swedes) 
(ii) 60 acres oversown and irrigated Tama ryegrass greenfeed 
(iii) 44 acres of turnips and grass ex summer fallow 
(iv) 60 acres lucerne hay (irrigated ex spring grazing) 
at 50 bales = · 3000 
30 acres lucerne hay (irrigated second cut) 
at 30 bales 900 
25 acres lucerne hay (dryland) 
at 50 bales = 1250 
Total Hay= 5150 bales 
The existing facilities (woolshed, sheepyards, etc.) are fully adequate to 
handle the additional sheep. Some additional fencing is required, but this is 
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necessary under both the irrigation and dryland situations. With the suggested 
stock policy demands on labour are at a peak during the spring and early 
summer. To overcome this problem it is suggested that a youth be employed 
from August until March. During the remainder of the year, even with the 
extra stock, the property can be comfortably managed by one man. 
2.3 'Best Use' - Dryland 
The same arguments used in favour of lucerne with irrigation apply under 
a dry land situation. Thus the best use of the 72 acres of light land is to sow 
the whole area in lucerne. On the downs, apart from an estimated 25 acres re-
quired for lucerne hay production, pasture is, as before, the obvious type of 
land utilization. 
The rotation on the downs would have to be altered to provide an area of 
rape for fattening lambs after weaning, and the suggested one is 45 acres old 
pasture - rape - greenfeed - summer fallow - new grass and turnips. 
The extra acre (i.e. irrigation 44 acres, dryland 45 acres) is obtained 
through the use of 1 0 acres of land which, with irrigation, will be used as 
storage dams. 
It could be argued that rape is unnecessary as most of the lambs should 
be fattened off the mothers. There is merit in this suggestion, but rape is still 
used by the majority of farmers in the Waiau-Culverden area for lamb fatten-
ing and it was considered that this district practice should be followed. 
The lucerne renewal programme is identical to the one outlined previous-
ly, i.e. 12 acres old lucerne- winter feed -new lucerne. 
2.3.1 Stock Numbers. 
Without irrigation the area of lucerne on the stony flats must be closed 
for hay in early September and this land is not available for spring grazing. On 
the downs the area of available spring grazing is reduced by the 45 acres sown 
in rape, the 45 acres in fallow for new grass and the 25 acres of lucerne for 
hay production. From the land utilization summary (Table 2.2) the area avail-
able for spring grazing is 334 acres. The carrying capacity on this area is identi-
cal to that outlined under irrigation. The estimated carrying capacity is there-
fure 19~ew~ 
38 rams 
26 killers 
2004 Total sheep 
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The 45 acres of greenfeed in the non-irrigation rotation would compensate 
for the loss of overdrilled Tama ryegrass on the lucerne area. The available 
winter feed is as follows: 
(i) 12 acres winter feed (turnips) 
(ii) 45 acres greenfeed (Italian and oats) 
(iii) 45 acres turnips and grass 
(iv) 60 acres hay at 50 bales = 3000 
25 acres hay at 50 bales = 1250 
Total Hay = 4250 bales 
2.4 Physical Summaries 
The assumptions as to land utilization, stock policy and carrying capacity 
under both the irrigation and dryland situations, which have been discussed in 
detail above, are summarised in Table 2.3. The details of the associated flock 
compositions and performances are set out in Table 2.4 
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Table 2.3 
Total Area: 
Productive Area: 
Irrigated Area: 
Rotations: 
(a) Flats 
(b) Downs 
Land Utilization: 
(a) VVinter 
(b) Spring 
Stock 
BASIC ASSUMPTIONS 
Irrigated 
536 acres 
512 acres 
72 acres 
12 acs. old lucerne -
winter feed new lucerne 
(6 years). 
44 acs old pasture -
summer fallow - new 
grass (10 years). 
12 acs. winter feed (turnips 
or swedes) 
44 acs new grass & turnips 
60 acs. lucerne oversown 
Tama ryegrass 
25 acs lucerne (Downs) 
370 acs pasture 
10 acs dams 
15 acs waste 
536 
12 acs. new lucerne 
44 acs. fallow -~new grass 
60 acs. lucerne 
10 acs.dams 
15 acs. waste 
and 
5 
16. 
Dry land 
536 acres 
522 acres 
12 acs. old lucerne~ 
winter feed - new lucerne 
(6 years). 
45 acs. old pasture - rape --
greenfeed -- summer fallow -
new grass (10 years). 
12 acs. winter feed (giant 
rape) 
45 acs. greenfeed 
45 acs. new grass & turnips 
60 acs lucerne (Flats) 
25 acs.lucerne (Downs) 
334 acs. pasture 
15 acs. waste 
536 
45 acs fallow-- rape 
45 acs. fallow -- new grass 
12 acs. new lucerne 
60 acs. lucerne (Flats, 
hay) 
25 acs. lucerne (Downs, 
334 acs. pasture 
waste 
536 
Fat lambs buying 5 year 
replacement ewes 
Table 2.4 
FLOCK COMPOSITION & PERFORMANCE 
Irrigation: 
I. Flock Composition: 
1020 5-year ewes 
870 6-year ewes 
610 7 -year ewes 
50 rams 
30 killers 
2580 
2. Stock Performance: 
$11,120 (valuation) 
110% lambing, 5% deaths, I 0% culled at 6 years, 25% at 7 years. 
Wool weights 1 Olbs. per sheep wintered 
3. Stock Reconciliation: 
On Hand 1 July On Hand 30 June 
2500 ewes 2500 ewes 
50 rams 50 rams 
30 killers 30 killers 
Natural Increase Sales 
2750 lambs 2720 fat lambs 
900 works ewes 
Purchases Deaths 
1020 5-year ewes 120 ewes 
10 rams 10 rams 
30 killers 
--6360 6360 
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Dry land: 
l. Flock Composition: 
790 5-year ewes 
680 6-year ewes 
470 7-year ewes 
40 rams 
24 killers 
2004 
2. Stock Performance: 
$8,660 (valuation) 
110% lambing, 5% deaths, 10% culled at 6 years, 25% at 7 years. 
Wool weights lOlbs. per sheep wintered 
3. Stock Reconciliation: 
On Hand 1 July 
1940 ewes 
40 rams 
24 killers 
Natural Increase 
2134lambs 
Purchases 
790 e\ves 
8 rams 
4936 
Economic Evaluation 
18, 
On Hand 30 June 
1940 ewes 
40 rams 
24 killers 
Sales 
2110 fat lambs 
690 works ewes 
Deaths 
100 ewes 
8 rams 
24 killers 
4936 
The critical variables are the prices of lambs, wool, cull ewes and replace-
ment stock. The problem of output price fluctuations is overcome by the use 
of high, average and low prices in the analysis. Details of these prices are out-
lined in Table 2.5. 
Table 2.5 
Wool 
Lambs 
Works Ewes 
Replacement Ewes 
High Prices Average Prices 
35c 30c 
$5.00 $4.50 
$2.50 $2.00 
$5.50 $5.00 
Note: Wool prices are net of charges and stock prices are net of freight. 
Low Prices 
25c 
$4.00 
$1.50 
$4.50 
The direct costs used in the gross margin calculations (Table 2.6) include 
all the costs associated with the sheep and are assumed to remain static re-
gardless of the output price structure used. These direct costs are: 
Rams $50.00 
Animal Health 20 cents per ewe 
Shearing and crutching $20.00 per 100 
Interest capital stock 7% 
Irrigation costs include repairs and maintenance and an allowance for the 
additional labour which is necessary, not for irrigation, but for the additional 
stock carried. The labour charge is based on the actual cost of a youth employ-
ed from August until February. 
Table 2. 7 summarises the results of the comparative budgets. These show 
that even with a low price structure the return on capital is greater than 10% 
and under high prices reaches the encouraging level of 35%. Under average 
prices the cash surplus represents a return of approximately 26% on the addit-
ional capital invested. This can be considered as the level most likely to be 
achieved under present and anticipated prices. 
The budget results are concluded with an additional cash income figure 
and percentage return on capital invested in the irrigation scheme. Taxation 
was not considered. It was felt that suitable provision would be made to avoid 
excessive taxation on the additional income generated. Thus any calculations 
made in the budgets would be completely theoretical. 
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Table 2.6 
SYSTEMS' GROSS MARGINS 
1. Average Prices 
Irrigation Dry land 
$ $ $ $ 
Income: 
Lambs 12,240 9,600 
Sheep 1,800 1,380 
Wool 7,740 6,020 
Total Income: 21,780 17,000 
Direct Costs: 
Replacements 5,100 3,950 
Rams 500 400 
Animal Health 500 390 
Shearing & Crutching 520 400 
Freight 160 130 
Woolpacks & Twine 160 130 
Interest Capital Stock 780 600 
Total Direct Costs: 7,720 6,000 
Gross Margin $14,060 $11,000 
Irrigation Costs: 
Repairs & Maintenance 200 
Labour 500 
700 
Adjusted Gross Margin $13.360 $11,000 
Additional Cash Income $13,360 ~ $11,000 
$2,360 (before tax) 
26% on capital expenditure of $9,000. 
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(Table 2.6 continued) 
2. High Prices Irrigation Dry land 
Income: $ $ $ $ 
Lambs 13,600 10,550 
Sheep 2,250 1,740 
Wool 9,030 7,010 
Total Income: 24,880 19,300 
Direct Costs: 
Replacements 5,610 4,350 
Others (as for ave. prices) 2,520 2,050 
Total Direct Costs 8,130 6,400 
Gross Margin $16,750 $12,900 
Irrigation Costs: 700 
Adjusted Gross Margin $16,050 $12,900 
Additional Cash Income $ 3,150 (before tax) 
35% on capital expenditure of $9,000 
3. Low Prices 
Income: 
Lambs 10,880 8,440 
Sheep I ,350 1,040 
Wool 6,450 5,010 
Total Income 18,680 14,490 
Direct Costs: 
Replacements 4,590 3,560 
Others (as for ave. prices) 2,520 2,050 
Total Direct Costs 7,110 
.?Jil.Q 
Gross Margin $11,570 $9,880 
Irrigation Costs 700 
Adjusted Gross Margin $10,870 $9,880 
Additional Cash Income $ 990 (before tax) 
11% on capital expenditure of $9,000 
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Table 2.7 
BUDGET SUMMARY 
High Prices Average Prices Low Prices 
Gross Margin $ $ $ 
Irrigation 16,050 13,360 10,870 
Dry land 12,900 11,000 9,880 
Additional Cash Income $3,150 $2,360 $990 
Return on Capital Expenditure 
of $9,000 35% 26% 11% 
The additional cash income generated by the irrigation of 72 acres is 
sufficient to recommend that the installation of the scheme should proceed. 
The 26% return (under average prices) on the capital cost of $9,000 is en-
couraging and compares favourably with the return that could be expected 
from other farming investments. At 2,500 ewes the property can be consider-
ed as an efficient and viable unit capable of withstanding the financial 
pressures that are at present affecting smaller semi-economic sheep farms. 
It is appreciated that the is on a theoretical situation that 
will have to be proved in practice. The basic assumptions as to land use and 
stock numbers are however it is quite feasible that actual 
will exceed the estimates outlined. One benefit that has been ig-
nored is the reduction of the of a dry spring on hay production. With 
irrigation, hay is assured and this must result in confidence to stock up to the 
of the available spring grazing, Unfortunately, because of the lack of 
any evidence of the pattern of occurrence of dry periods during the spring 
(Table 1.2) the benefit of irrigation in this respect could not be measured. 
Whether similar benefits from could be expected on other 
properties in the North Canterbury area will obviously upon the cost 
of the scheme, the area that can be irrigated and the effect of irrigation on 
total production. The results of this case study are however sufficiently en-
couraging to give farmers in the area the confidence to proceed with a detailed 
analysis similar to that outlined in this bulletin. 
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III WATER STORAGE WORKS-
INVESTIGATION & DESIGN 
This section deals with the investigation and design carried out by the 
Soil and Water Section of the New Zealand Agricultural Engineering Institute 
of the water storage works described in Section I of this report. 
The aspects covered in this section concern the hydrologic and hydraulic 
design of the storage works; engineering soils investigation summary; and work-
ing drawings and specifications. 
3.1 Introduction 
The final design of a water storage structure, once the engineering feasibil-
ity has been established, is essentially a trial and error process in providing a 
reliable source of water possessing certain desirable features. These features 
include: the economics of initial expenditure and maintenance, the safety of 
the structure, and its convenience in relation to the point of supply. 
Before outlining the detailed investigation and design steps, a brief des-
cription of the sequence of the operation will be outlined. 
The storage sites investigated on this property are quite favourable to 
economic storage of water. The parameter used to quantify this feature is 
termed the Storage Ratio. The Storage Ratio is defined as the ratio Gf the total 
quantity of water stored to the total quantity of earthworks involved in the 
construction. The higher the storage ratio, the greater t e amount of water 
stored per unit volume of earth moved. The storage ratio of the upstream site 
is 7.2 to 1 and of the downstream 4.7 to 1. The combined storage ratio of the 
two storages investigated is 5.3 to 1. For valley storages of this nature the 
range of storage ratios normally encountered is from 2 to 1 to 7 to 1, with ex-
ceptional sites possessing storage ratios of up to 20 to 1 and above. 
Before the results of a detailed topographical survey of the storage area 
are available to a designer, considerable experience is necessary to make a pre-
liminary assessment of the storage possibilities. Once it has been decided to 
proceed with a detailed investigation, spot sampling of the soil type within the 
area is undertaken to assess the practicability of using the on-site material for 
construction. At this stage, only an indication of suitability is given by this 
sampling. 
Having decided that the storage capacity is available and that construct-
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ion is not impracticable, the hydrologic factors are next considered. The 
points to be then investigated in detail are the minimum dependable safe 
yield of the supplying catchment and the flood flow to be expected in times 
of heavy precipitation. It is essential that the flood flow be safely by-passed 
around a conventional earth embankment and returned satisfactorily to the 
stream channel. Probably the greatest single cause of farm dam failure is over-
topping because of inadequate spillway provision. 
The hydrologic investigations showed that the supplying catchment was 
adequate to safely replenish the storages except in exceptionally dry years in 
which winter runoff was extraordinarily low. It was obvious from the outset 
that spillway provision at the upstream site would prove to be difficult, be-
cause it was here that the flood peak first passed into the storage area, and 
because of the relatively steep nature of the abutment slopes at the selected 
site. The downstream dam presented no real difficulty in respect of spillway 
provision, because of the reduction in flood peak as it passed through the two 
storage areas, and the favourable topographic situation that allowed the flood 
waters to be passed through a ridge to an adjoining watercourse. 
One feature about this project worth mentioning at this stage is the nec-
essity to provide additional spillway provision to cater for the long term win-
ter flow. A characteristic of earth spillways, even with good grass protection, 
is their susceptibility to damage by the passage of small flows of water over a 
period in excess of one week or so. It was decided to provide for a pipe spill-
way at each storage site, the inflow level being set a small distance below the 
level of the main flood spillways to cater for all but the significant flows from 
the catchment. The water from the pipe spillways is safely returned to the 
stream bed and its energy dissipated before being reieased. 
The first detailed field investigation process carried out is the topographic 
survey of the dam sites and storage areas. Enough information must be obtain-
ed to be able to accurately estimate the storage capacity at different storage 
levels, and to accurately estimate the quantity of earthworks involved in the 
construction of suitable earth embankments and flood spillways. 
From the topographic information the" embankment and spillway locat-
ions and quantities can be estimated with some degree of precision. 
The designer must then return to the field to fully investigate foundation 
conditions and soil suitability for embankment construction. This involves ex-
tensive soil sampling from predetermined locations and subsequent laboratory 
suitability tests. With the information available on the properties of the soil to 
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be used in construction, the final sizing of the embankment and storage area 
can be completed 
To ensure that the works are constructed as designed, adequate working 
drawings and construction specifications must be made available to the con-
tractor and construction supervisor. Another major cause of farm dam failure 
is the inability of most operators of earthmoving equipment to follow the 
sound engineering principles involved in earth embankment construction. 
The remainder of this section consists of the results of the investigations 
carried out and the calculations involved to reach a final design solution. 
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3.2 
HYDROLOGIC DESIGN 
3.2.1 Catchment Area Details (Refer Figure 3.1) 
(a) Upstream Site 
Area 720 acres Length = 2.2 miles Slope 5% 
(b) Downstream Site (2 catchments, total area 1000 acres) 
(i) Area 720 acres Length = 2.2 miles Slope = 5% 
(ii) Area 280 acres Length == 2.0 miles Slope = 5% 
3.2.2 Minimum Dependable Yield 
Average annual rainfall = 
Minimum Dependable Yield (&average ann.) = 
Estimate of Yield = 
Combined Total Storage 
3.2.3 Flood Flow Estimation 
(a) Upstream Site 
(i) Rational Method 
Tc = 90 mins 
= 
= 
27 inches 
12 
100xl2%x27 ins. 
270 acre feet 
64 acre feet 
.·.OK 
Il00,90min= 1.72ins.i100 - 1.l4in/hr (ReferFigure3.2) 
c =15+0+15+15+10=55 
QlOO 0.55 X 720 X 1.14 450 cfs 
(ii) TM61 
A 2'y I-~ 
K 
R - 1.1 X 
Q100 400 cfs 
s = LO 
Ht ==: 400ft. 
27. 
(b) Downstream Site 
Till' dmn1strcam site rL'L'L'iws the outflow from the upstream storage plus 
thL' tlood tlO\\ from the subsidiary catchment of 280 acres. 
Subsidiary 
(i'l Rationall\1ethod 
Tc 90 mins 
1100.90 
c 
1. 7 2 ins. i 100 
15+0+5+15+10 
0.45 X 280 X 1.14 
= 1.14 in hr (Refer Fig. 3.2) 
3.2.4 
QlOO 
(ii) TM61 
') 
A-jL = 
K = 
R 
Q100 
0.09 
14 
0.50 
150 X 0.6 
= 45 
140 cfs 
s = 0.6 
Ht = 400ft. 
90 cfs 
Adopt 500 cfs as total inflow to downstream storage. 
Spillway Design 
(a) Upstream Site (Q 400 cfs) 
L. H. INLET 
B = 30ft. B 
d = 1. 5 ft. d 
Q 160 cfs (Q Total = 390 cL) Q 
L. H. OUTLET 
Q 160 cfs Q 
w 60ft. w 
s 14% s 
v 9 fps v 
O.K. 
2B. 
R.H. 
= 45ft. 
1.5 ft. 
230 cfs 
R. H. 
230 cfs 
80ft. 
12% 
:::: 9 fps 
(3.2.4 continued) 
(b) Downstream Site (Q = 500 cfs) 
INLET OUTLET 
B 
d 
120ft. 
1.5 ft. 
Calculation of outlet slope velocity (v) : 
Assume n 0.030 
Given Q 
s 
= 500 cfs 
0.14 
Assume for wide shallow sections r = d 
Solving meaning for v and d yields 
v 18.5 d 2;3 
From continuity 
vd 4.33 
Solving (1) and (2) directly: 
d = 0.56 ft. v 
29. 
(l) 
(2) 
6 fps 
w 
s ::::: 
150 ft. 
14% 
D!ST. 
R.L. 
. DIST. 
R.I... 
__ lnlef R.L. 507· 0 
FIGURES 3.5 & 3.6 
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<1-71-
3.4 
ESTIMATED QUANTITIES 
3.4.1 Earthworks (in cubic yards) 
Earth in bank 
Excavation 
Spillway Excavation 
3.4.2 Storage (in gallons) 
Natural Storage 
Excavated Storage 
TOTAL STORAGE 
3.4.3 Storage Ratio 
Upstream Site = 7.2 to 1 
Downstream Site = 4. 7 to 1 
Combined Storages = 5.3 to 1 
Upstream Site 
7400 
5300 
L.H. 500 
R.H. 1670 
Downstream Site 
11200 
9300 
L.H. 1890 
R.H. NIL 
Total Earthworks (say) 20,000 cu.yds. 
Upstream Site 
8.14 X 106 
0.88 X 106 
9.02 X 106 
Downstream Site 
7.21 X 106 
1.57 X 106 
8.78 X 106 
Total Storage (say) 18,000,000 galls. 
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32. 
3.5 
SOILS INVESTIGATION 
This section deals with the summary interpretation of laboratory soil 
tests carried out on soil samples taken from the proposed dam sites. 
3.5.1 Classification Test Results 
Refer to Figures 3. 7 and 3.8 for location of bore sites. 
Downstream Site: 
Bore Depth Unified Laboratory 
No. Sampled Oassfn. Classfn. Field Notes 
El 0-2 CL 1. No topsoil 
2-3 CL 2. Moist at 2 ft. 
3-4 CL 3. Limestone pieces 1Oft. 
4-6 MH 4. Design Excv. Depth 14.5ft. 
6-9 ML 
9 ---11 ML 
E2 0-3 CL 1. 3ins. topsoil 
3-5 CL 2. Moist at 3ft. 
5-6 ML ML 3. Limestone pieces 6ft. 
at 6 ML 4. Design Excv. Depth ll.Oft. 
E3 0-2 CL 1. No topsoil 
2-4 CL 2. Moist at 4ft. 
4-5 ML ML 3. Limestone pieces 7ft. 
5-7 CL 
--;- 4. Design Excv. Depth ll.Oft. 
6-8 CL 
E4 0-3 CL 1. 6ins. topsoil 
2. Limestone floaters at 3ft. 
3. Design Excv. Depth 11.0ft. 
E5 0-3 CL 1. 2ft. topsoil 
2. Design Excv. Depth 3.0ft 
33. 
(Downstream Site continued) 
Bore Depth Unified Laboratory 
No. Sampled Classfn. Classfn. Field Notes 
E6 0-2 CL 1. No topsoil 
2-3 CL CL 2. Limestone pieces 9ft. 
3-5 CL 3. Design Excv. Depth 13.0ft. 
5-8 CL 
8-9 CL 
E7 0-2 MH 1. 12ins. topsoil 
2. Design Excv. Depth 2ft. 
E8 0- 1 ML 1. 6ins. topsoil 
2. Design Excv. Depth 1ft. 
Cl 0-4 ML 1. No topsoil 
C2 0-2 ML-CL 
2-4 ML ML 
C3 0-3 CL 1. 12ins~ topsoil 
3-4 ML ML 2. Limestone pieces 4ft. 
3. C3A between C3 and 
C4 showed no limestone 
to 4ft. 
C4 0-3 CL 
Sl 0-2 CL 1. No topsoil 
2. Very dry clay at 2ft.· 
stopped further sampling. 
3. Design Excv. depth 4.5ft. 
S2 0-2 CL 1. No topsoil 
2-4 CL 2. Moist at 5 ft. 
4-5 ML 3. Design Excv. depth 7.5ft. 
5-7 MH 
34. 
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Upstream Site 
Bore Depth Unified Laboratory 
No. Sampled Classfn. Classfn. Field Notes 
El 0-2 CL 1. 9ins. topsoil 
2-4 CL CL 2. Design Excv. depth 6.0ft. 
4-6 CL 
E2 0-2 CL 1. 9ins. topsoil 
2- 4V2 CL 2. Design excv. depth 8.0ft. 
4Y2- 8 CL CL 
E3 0-3 CL 1. 9ins. topsoil 
3-6 CL 2. Design excv. depth 8.0ft. 
E4 No record - sample left in field. 
ES 0-2 CL 1. Limestone pieces 4ft. 
2-3 CL 2. Design excv. depth S.Oft. 
3-4 SM SM 
E6 0- 2Y2 CL 1. Design excv. depth 7.0ft. 
2¥2-7 CL 
Cl 0-3 MH 
C2 0-3 CL 
C3 0-3 CL CL 1. 3ins. topsoil 
C4 0-3 CL CL 1. 1 2ins. topsoil 
cs 0-4 CL 1. 24ins. topsoil 
Sl 0-4 CL 1. No topsoil 
2. Design excv. depth 4.0ft. 
S2 0-2 CL I. No topsoil 
2-4 CL 2. Design excv. depth 4.0ft. 
36. 
(Upstream Site continued) 
Bore Depth Unified laboratory 
No. Sampled Classfn. Classfn. Field Notes 
S3 0-3 CL I. No topsoil 
2. Design excv. depth 3.0ft. 
S4 0-2 CH 1. No topsoil 
2. Design excv. depth 2.0ft. 
S5 No record 
S6 0- 3Yz MH 1. 6ins. topsoil 
3Yz- 5 MH 2. Limestone pieces 5.0ft. 
3. Design excv. depth 1 O.Oft. 
S7 0-2 CL CL 1. No topsoil 
2. Limestone pieces 2.0ft. 
3. Design excv. depth 9.0ft. 
S8 0-4 MH I. No topsoil 
2. Design excv. depth 4.0ft. 
3.5.2 COMPACTION TEST RESULTS 
Downstream Site 
Description of Sample O.M.C.% Dry Dens. lb./cu. ft. 
1. Composite E2 + E3 14 112.5 
2. Composite E 1 + E6 15 111 
3. E2 at 6ft. depth 16 111 
Upstream Site 
1. Composite El + E2 15 113 
2. Composite E5 + E6 15 110 
3. S7 at 2ft. depth 15 111.5 
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3.5.3 
COMMENTS ON SITE SUIT ABILITY 
Downstream Site 
(a) Material available for embankment construction. 
Test bores El to E6 revealed CL material with varying quantities of 
fractured limestone pieces at lower levels of the sampling bores. Whilst not 
ideal, this material should be satisfactory for the embankment designed for 
the site, provided the following measures are implemented during construct-
ion. 
.. 
(i) Design batters of 2-Yz: 1 upstream and downstream to be rigidly ad-
hered to. 
(ii) Homogenous embankment will be suitable providing material is 
spread in layers not e;£ceeding 6 inches loose thickness and thence 
compacted by sheepsfoot roller with a minimum of 8 passes per 
layer. 
(iii) The moisture content of the material when placed should be con-
trolled to the O.M.C. of 15% ( + 1%, - 2%) by suitable means. 
(b) Seepage Control 
The strata underlying the embankment is predominan.tly ML-CL material. 
Minimal anti-seepage provision only is called for. 
(c) Spillway Excavation 
The spillway around the left abutment will be in CL material, with the 
possibility of ripping of the deeper sections of cut likely. No untoward prob-
lems are envisaged in this area. 
(d) Protection Works 
(i) A trickle tube spillway is necessary to avoid localised damage to the 
main earth spillway. 
(ii) A grassed protective cover is essential over all embankment and 
spillway surfaces, and is to be prepared as soon as possible after con-
struction is finished. 
(iii) If any outcrops of limestone are uncovered during the excavation op-
erations, they are to be covered with at least 18 inches of well com-
pacted CL material. 
38, 
Upstream Site 
(a) Material available for embankment construction 
Test bores El to E6 revealed CL material throughout the sampled area, 
with considerably less limestone pieces than at the downstream site, especially 
from the left bank of the gully. The comments listed above (3.53 (a) (i)- (iii)] 
apply to suitability and construction procedures for this site. 
(b) Seepage Control 
The strata underlying the embankment site is predominantly CL material, 
calling for minimal anti-seep provision. 
(c) Spillway Excavation 
(i) Left Spillway-The spillway around the left abutment is in CL mater-
ial and no problems are anticipated in construction. 
(ii) Right Spillway-The right spillway as designed involves cuts of 10 
feet depth into material likely to be largely fractured limestone 
pieces in CL and MH soil type. Providing erosion protection is under-
taken on side cuts and spillway floor as indicated below, the spill-
way as designed should prove satisfactory. 
(d) Protection Works 
(i) Comments in 3.53 (d) (i) -(iii) apply. 
(ii) It may be necessary to use a bituminous stabilising compound to 
establish the initial grass cover on the uphill spillway cut and graded 
spillway floor. 
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3.3 
HYDRAULIC DESIGN OF ASSOCIATED STRUCTURES 
3.3.1 Upstream Pipe Spillway (See Fig. 3.5) 
Design for a continuous flow of 2 cfs. 
(i) Inlet weir (say) 2 ft 0 ins. dia. R.C. pipe will pass 3 cfs with a 
surcharge of 0.25 ft .. ·. OK 
(ii) Pipe Section 
AB 
BD 
Size 
9 ins. 
6 ins. 
Capacity based on ht available 
3 cfs 
3 cfs 
Adopt sizes shown 
3.3.2 Downstream Pipe Spillway (See Fig. 3.6) 
No continuous flow in contributed by the subsidiary catchment; 
design for 2 cfs. 
(i) Inlet weir 2 ft 0 ins. dia. R.C. pipe as above 
(ii) Pipe Section 
EF 
FH 
Size Capacity based on ht available 
9 ins. 3 cfs 
6 ins. . 2 cfs 
Adopt sizes as shown 
40. 
3.3.3 Upstream and Downstream Discharge Pipes 
Required to pass 8 cfs under low head conditions into the irrigation 
system. 
(i) Try 12 ins. dia. @ 8 cfs (3000 gpm) - CAST IRON -
hL (inlet loss+ outlet loss) + friction loss 
= Negligible + 1.00 x 4.3 
4.3 ft 
Select 12 ins. dia. Cast Iron (or steel pipe) with submerged inlet. 
(ii) Inlet structure to discharge pipe can be a 2ft.6ins. dia. circular pipe, 
which is capable of passing 8.4 cfs with a surcharge of 6 ins. 
(iii) Anti seep provision on discharge pipe to increase flow path by 20%. 
Length of pipe under ground = 120 ft 
Increase in length = 24ft 
Assume each collar projects 1 ft.6ins. from outside edge of pipe, then 
no of collars = 24 = 8 
3 
41. 
42. 
NEW ZEALAND AGRICULTURAL ENGINEERING 
INSTITUTE 
SOIL AND WATER SECTION 
IV. WORKING DRAWINGS FOR THE 
CONSTRUCTION OF 
WATER STORAGE WORKS FOR 
FARM IRRIGATION PROJECT 
ESTIMATED QUANTITIES 
D.S. DAM U.S. DAM 
EARTHWORKS 11 ,200 cu. yds. 7,400 cu. yds. 
L.H. SPILLWAY 1,890 cu. yds. 500 cu. yds. 
R.H. SPILLWAY NIL 1 ,6 70 cu. yds 
NATURAL STORAGE 7.21 x 106 gal. 8.41 x 106 gal. 
TOTAL STORAGE 8.78 x 106 gal. 9.02 x 106 gal. 
STORAGE RATIO 4.7 : 1 7.2 : 1 
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